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The spectral method is one of the most popular methods in numerically solving
partial differential equations. The most attractive property of the spectral method is that
when the solution of the problem is infinitely smooth, the convergence of the spectral
method is exponential. Spectral element method, which combines the high-order precision
of spectral methods and the geometrical flexibility of finite element methods, has achieved
great success and becomes popular.
Most of the spectral/spectral element methods have been concentrated on problems
in bounded domains. There is however a need to consider approximations to PDEs in
unbounded domains. In fact, many problems in science and engineering computations
are set in unbounded domains or exterior domains. In the context of such problems,
traditional way for their numerical simulations is to restrict calculations to some bounded
sub-domains together with certain imposed conditions on artificial boundaries and then
solve the corresponding approximate problems. However, the artificial boundary condi-
tions will have serious impact on the accuracy of the numerical results. To remedy this
deficiency, it becomes necessary to investigate numerical methods to solving the problems
directly in unbounded domains.
The purpose of this work is to numerically solve problems in unbounded domains by
using coupled Legendre spectral element/Laguerre spectral methods.
Firstly, we propose a coupled method for second-order Helmholtz problems and
fourth-order equations on the half line. Convergence of the proposed method is analyzed.
Numerical examples show high accuracy of the method.
Secondly, we consider respectively a mixed Laguerre-Legendre method and a coupled
method to two dimensional Helmholtz problems set up in semi-infinite domains. Con-
vergence of both methods is proved. Numerical tests show the high accuracy and the
flexibility of the methods when dealing with complex domains.
Thirdly, we present a mixed Laguerre-Legendre method for the Stokes problem in a
semi-infinite channel. The well-posedness of the method is established by deriving a lower
bound on the inf-sup constant. Rigorous error analysis is also carried out. Numerical















Finally, we consider a coupled approximation to the Navier-Stokes equations in
complex domains, and demonstrate its applicability by carrying out some simulations of
incompressible flows.
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